BLUMEA 44 (1999) 217-249 


A TAXONOMIC, PHYLOGENETIC AND BIOGEOGRAPHIC 
STUDY OF THE GENUS ACANTHOPHORA 
(RHODOMELACEAE, RHODOPHYTA) 

YDE S.D.M. DE JONG 1 , CREUSA HITIPEUW 2 & 

WILLEM F. PRUD’HOMME VAN REINE 1 


SUMMARY 

A cladistic analysis, based on a taxonomic revision is carried out for 7 Acanthophora species using 
19 characters. Hypotheses on species affinities are based primarily on morphological characters. 
Because most species show only few distinctive characters, emphasis was placed on features of 
spine development, either in relation to vegetative or to reproductive structures. Global distribution 
of 7 Acanthophora species: viz. A. aokii,A. dendwides,A. muscoides,A. nayadiformis,A. pacifica, 
A. ramulosa, and A. spicifera, shows a discontinuous pattern. Although widely distributed species 
are present (A. muscoides and A. spicifera), a disjunct distribution of other species occurs in the 
Pacific (A. aokii), Indian Ocean (A. dendroides), East-Atlantic region (A. ramulosa), and the Mediter¬ 
ranean and Red Sea (A. nayadiformis). Information on the historical background of the species 
distribution can be inferred from the obtained phylogenetic tree. 

Key words: Acanthophora, Rhodomelaceae, Rhodophyta, biogeography, phylogenetics, seaweeds, 
taxonomy. 


INTRODUCTION 

In order to illustrate the use of phylogenetic systematics for the interpretation of species 
relationships and in an attempt to clarify its taxonomy and biogeography, a study was 
carried out on the red seaweed genus Acanthophora J.V. Lamour. The phylogenetic 
and biogeographical information obtained in this study will be used to outline a general 
historical biogeographical hypothesis of the Atlantic Ocean by the reconstruction 
of a general area cladogram. For this more general purpose phylogenies of different 
groups of well-defined, unrelated seaweed genera, each represented by several mor¬ 
phologically distinguishable species, are needed (De Jong & Prud’homme van Reine, 
1997). 

The genus Acanthophora, a member of the family Rhodomelaceae (Ceramiales, 
Rhodophyta), was chosen for phylogenetic and biogeographical analysis, because of 
the presence of a limited number of (mostly) restrictedly distributed, morphologically 
variable, but distinct species, which are considered to form a monophyletic group of 
algae (Falkenberg, 1901). 

1) Rijksherbarium/Hortus Botanicus, RO. Box 9514, 2300 RA Leiden, The Netherlands. 

2) Jalan Mutiara No. 68, Ambon 97123, Indonesia. 
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Table 1. Accepted names and synonyms in the genus Acanthophora. Type specimens are between 
square brackets. 


Accepted name 


Acanthophora J.V. Lamour. [CN] 

Type species: Acanthophora thieryi (J.V. Lamour.) J.V. Lamour. 

(now: Acanthophora spicifera (Vahl) Bprgesen) 

New name for: Fucus acanthophorus J.V. Lamour. 

Tribus Chondriae acanthophorae 
Acanthophora aokii Okamura [SAP n° 15] 

Acanthophora dendroides Harv. [MICH 1319] 

Heterotypic synonym: 

Acanthochondria falkenbergii Weber Bosse 
Acanthophora muscoides (L.) Bory 
[LD 94/068.9765, n° 38011] 

Basionym: Fucus muscoides L. 

Homotypic synonym: 

Chondria muscoides (L.) C. Agardh 
Heterotypic synonyms: 

Fucus acanthophorus auct. non J.V. Lamour., Turner 
Chondria muscoides var. B tumeri C. Agardh 
Acanthophora militaris J.V. Lamour. 

Acanthopora delilei auct. non J.V. Lamour., Harv. 
Acanthophora nayadiformis (Delile) Papenf. [LD 1001.5a] 
Basionym: Fucus nayadiformis Delile 
Heterotypic synonyms: 

Fucus acanthophorus auct. non J.V. Lamour., Turner 
Acanthophora delile J.V. Lamour. 

Chondria delile (J.V. Lamour.) C. Agardh 
Cystoseira acanthophora Delle Chiaje 
Acanthophora pacifica (Setch.) Kraft [UC 261336] 

Basionym: Cladhymenia pacifica Setch. 

Acanthophora ramulosa (Lindenb.) Kiitz. [L 939.6-14] 
Basionym: Acanthophora ramulosa Lindenb. ex Kiitz. 
Homotypic synonyms: 

Chondria ramosissima Lindenb. in herb. 

Acanthophora muscoides var. ramosissima 
Lindenb. ex Sond. 

Acanthophora spicifera (Vahl) Bprgesen [C 124/93, n° 10] 
Basionym: Fucus spiciferus Vahl 
Heterotypic synonyms: 

Fucus acanthophorus J.V. Lamour. 

Acanthophora thieryi (J.V. Lamour.) J.V. Lamour. 

Chondria acanthophora C. Agardh 
Acanthophora antillarum Mont, ex Kiitz. 

Acanthophora thierryi f. gracilis P. Crouan & H. Crouan 
Chondria muscoides auct. non L., Mont. 

Acanthophora intermedia P. Crouan & H. Crouan 
Acanthophora orientalis J. Agardh 
Acanthophora spicifera f. orientalis (J. Agardh) 

Weber Bosse 

Acanthophora spicifera var. orientalis (J. Agardh) Zaneveld 
Acanthophora orientalis var. wightii (J. Agardh) Sond. 
Acanthophora wightii J. Agardh 
Acanthophora spicifera f. wightii (J. Agardh) 

Weber Bosse 
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MATERIALS AND METHODS 

Observations were done on herbarium material. For light microscopical study herbar¬ 
ium specimens were stained in a 1% solution of aniline blue and mounted in Karo. 
The present morphological descriptions and distributional accounts are based on herbar¬ 
ium specimens and on literature. Herbarium abbreviations follow Holmgren et al. 
(1990). 

A data matrix of 7 species and 19 characters of Acanthophora was compiled by 
translating qualitative morphological characters into multistate or additive binary codes. 
Phylogenetic analysis was carried out searching for character parsimony, as available 
in PAUP v. 3.1.1 (Swofford, 1993), using the exhaustive search option. Character- 
state changes in the resulting cladogram were evaluated using MacClade v. 3.0.4 
(Maddison & Maddison, 1992). To solve character polarity, Chondria C. Agardh was 
used as an out-group. 

Based on the cladistic results, a biogeographical analysis was carried out by simply 
substituting taxa with distribution areas. Additionally, the information on the paleo- 
geology is used in combination with the topology of the cladogram in order to explain 
the present distribution of the Acanthophora species. 

ACANTHOPHORA 

Acanthophora J.V. Lamour. 1813. — Type species: Acanthophora spicifera J.V. Lamour. (= Fucus 

acanthophorm L.; Acanthophora thierrii J.V. Lamour.; see below.) 

Acanthochondria Weber Bosse 1911. 

Plants cartilaginous or membranaceous, consisting of alternate or irregularly divided, 
erect, terete or flattened branches of indeterminate growth and similar but shorter 
branches of determinate growth, having a cortex composed of small polygonal cells. 
Axes articulated, polysiphonous with 5 periaxial cells, heavily corticated by paren¬ 
chymatous dividings. Attachment small to large discoidal, often lobed holdfast, in 
some species rhizoidal. Determinate branches and often also the indeterminate axes 
spirally arranged, with short, spine-like, polysiphonous branchlets, often appearing 
in tufts. Trichoblasts monosiphonous and deciduous, only present at branch apices 
and on sterile segments. 

Dioecious. Cystocarps ovoid to urceolate, developed in the axils of spine-like 
branchlets and located at their bases, containing tufts of pear-shaped carpospores on 
simple gonimoblasts, radiating from a basal placenta. Spermatangia developed on 
trichoblasts of spine-like branchlets, flattened and in disk-like clusters, in hyaline, 
flat, circular to irregular sori, with sterile cell margins. Tetraspores tetrahedrally divided, 
lodged in swollen, often spinous stichidia. 

Notes — The reproductive as well as vegetative structures are apparently rather 
uniform throughout the genus. Within the genus antheridia have first been described 
and figured for A. spicifera (Askenasy, 1888, as A. orientalis). Antheridia were also 
found by Bprgesen (1918) on the same species. Antheridia in Acanthophora are very 
similar to the antheridial structures in Chondria, formed on the first lateral of the 
trichoblasts, appearing as a flat disk-shaped body, most often with a rather irregularly 
formed circumference and a margin composed of large, oblong, thick-walled trans- 
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parent cells. Inside these, both surfaces are densely covered by spermatocysts. In the 
middle of the antheridial strand a system of filaments is subdichotomously ramified in 
the same plane (Fig. 41). 

During the present study, antheridia were observed in four species (not in A. aokii 
and A. ramulosa). They also occur in A. pacifica. The structures were found to be very 
similar to those described for Chondria, and no difference has been observed among 
the species. The carposporophyte consists of simple filamentous gonimoblasts (Fig. 
40) enclosed in a pericarp. 

Notes on nomenclature — The genus Acanthophora was established by Lamouroux 
(1813: 132) to accommodate his Fucus acanthophorus described as a new species in 
1805, and renamed A. thierii in 1813. Lamouroux also included other species under 
the same genus, i.e., A. delilei , based on Defile’s species Fucus nayadiformis from the 
Mediterranean and A. militaris recorded as a new species from the Antilles. Most spe¬ 
cies of Acanthophora were originally grouped under the genus Chondria C. Agardh 
(1817). This genus shares many features with Acanthophora, including a cartilaginous 
texture, a cylindrical thallus, a distinct axial cell issuing 5 periaxial cells and the gross 
morphology of reproductive structures. Acanthophora and Chondria, however, differ 
in the form of the branchlets which in Chondria are club- or spindle-shaped and are 
constricted or tapered at the bases, while Acanthophora has spine-like branchlets. 
Details of the morphology of reproductive structures are also slightly different. Fritsch 
(1945) described that sporangia in most Chondria species are developed in the apical 
depression of club-shaped branchlets, and that the initial cell produces 3 cover cells. 
Acanthophora has sporangia arranged in stichidial ramuli. 

After world-wide reviewing the genus, it can be concluded that 7 species of Acan¬ 
thophora are present (Table 1). Two species originally placed in Acanthophora, viz. 
A. arborea Harv. (1860) from Australia and A. tasmanica Sond. (1871) from Tasmania 
(also recorded in Hooker, 1860), were later classified into other genera by Falkenberg 
(1901): Chiracanthia arborea (Harv.) Falkenberg and Ptyopsis tasmanica (Sond.) 
Falkenberg, respectively. According to Kylin (1956) these taxa belong to non-related 
and widely separated groups of the Rhodomelaceae. These two species were excluded 
from this study (Table 2). 

Kraft (1979) transferred Cladhymenia pacifica to the genus Acanthophora, mainly 
on the basis of the presence of spines. We have not seen material of this species. Al¬ 
though spine-like spurs on cystocarps also occur in some Chondria species (Gordon- 
Mills & Womersley, 1987) we have followed Kraft in not considering these as real 
vegetative spines. 


Table 2. Excluded names in the genus Acanthophora. 


Previous name Corrected name References 


Acanthophora arborea Harv. 

Chiracanthia arborea (Harv.) 
Falkenb. 

Harvey, 1860; Falkenberg, 
1901; Kylin, 1956 

Acanthophora tasmanica Sond. 

Ptyopsis tasmanica (Sond.) 
Falkenb. 

Sonder, 1871; Falkenberg, 
1901; Kylin, 1956 
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Fig. 1. Nomenclatural complexity in Acanthophora muscoides (L.) Bory. 



Fig. 2. Nomenclatural complexity in Acanthophora nayadiformis (Delile) Papenf. 



Fig. 3. Nomenclatural complexity in Acanthophora spicifera (Vahl) Bprgesen. 

































Fig. 4-8. Acanthophora aokii Okamura. — 4. Habit; SAP 15 (bar = 10 mm). — 5. Cross section 
of erect axis; SAP 15 (bar = 200 pm). — 6. Rounded apex; note minute spine-like ramuli; SAP 15 
(bar = 200 pm). — 7. Stichidial ramuli bearing tetrasporangia (arrow); SAP 15 (bar = 200 pm). — 
8. Surface view of epidermal cells type; SAP 15 (bar = 20 pm). 
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KEY TO THE SPECIES 


la. Plants always small, 2-3 cm tall; covered by very minute spine-like ramuli on 

both main axes and branches. 1. A. aokii 

b. Plants usually more than 3 cm tall; covered by conspicuous spines.2 

2a. Main axes flattened . 5. A. pacifica 

b. Main axes cylindrical.3 

3a. Plants sparingly branched; spines lacking or - if present - only in very low num¬ 
bers or solitary on main axes; on indeterminate branches spines are crowded and 
become smaller towards the apex; spines on the branchlets mostly grouped at the 

apices . 7. A. spicifera 

b. Plant densely branched and bushy; spine-like branchlets present on all branches 


.4 

4a. Stoloniferous .5 

b. Plants not stoloniferous .6 


5a. Determinate branches constricted at the bases; apices rounded, with 1 or 2 spines 

. 2. A. dendroides 

b. Determinate branches not constricted at the bases; apices blunt, covered with many 


spines . 4. A. nayadiformis 

6a. Determinate branches not subtended by a spine and having a characteristic ovoid 
to cylindrical shape, without a clear basal constriction. 6. A. ramulosa 


b. Determinate branches usually subtended by a spine and constricted at the bases 
.3. A. muscoides 


1. Acanthophora aokii Okamura — Fig. 4-8, 42 

Acanthophora aokii Okamura 1934: 35, t. 318, f. 15-17; Cordero 1981: 203, f. 199, 200, 207; 

T. Yoshida et al. 1985: 266; P.C. Silva et al. 1987: 60 (as aoki). — Type: SAP n° 15, from 

Taiwan (Aoki). 

Plants very small, 2 to 3 cm high, main axes 0.5-1 mm wide, cylindrical, rather soft in 
texture and purplish red, erect, fastigiate, with rounded apex and attached by a flat 
disk. Axes naked in proximal parts; distal parts covered by spirally arranged, scattered, 
very short, spine-like branchlets (Fig. 4,6). Branching altemate-dichotomous; indeter¬ 
minate branches covered like distal parts of axes, determinate branchlets (ramuli) 
compressed in apical parts of indeterminate branches, covered by minute spines only, 
20 pm broad, thus seemingly naked. In cross section of axes 5 periaxial cells can be 
observed (Fig. 5), surrounded by epidermal cells, which are rounded in surface view 
(Fig. 8). Stichidia globose to oblong, formed at the apex of ramuli, devoid of spines 
or sometimes furnished with a single spine, seemingly axillary. Tetraspores scattered, 
tetrahedral (Fig. 7). 

Distribution — Pacific Ocean (Fig. 42). 

Note — Only few specimens were available for this study. The description was 
mainly based on that of Okamura and the observation of the type material. Until now, 
gametangia of this species are not known. 

Specimens examined: SAP n° 15 (tetrasporic); NY 5261, Ryukyu Isl., Yonaguni (tetrasporic). 
















Fig. 9-14. Acanthophora dendroides Harv. — 9. Habit; MICH 1319 (bar = 10 mm). — 10. Habit 
of male plant; L 938.303-84 (bar = 10 mm). — 11. Cross section of erect axis shows large periaxial 
cells; MICH 1319 (bar = 200 pm). — 12. Surface view of epidermal cells; MICH 1319 (bar = 
20 pm). — 13. Rounded apex; note several broad spines on apex and stichidia borne on the branches 
(arrow); MICH 1319 (bar = 200 pm). — 14. Globular cystocarp; L 941.98-165 (bar = 200 pm). 
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2. Acanthophora dendroides Harv. — Fig. 9-14,43 

Acanthophora dendroides Harv. 1855: 538, no. 68; J. Agardh 1863: 818; Harv. 1855: 538; DeToni 
1903: 820; Weber Bosse 1923: 348; Okamura 1932: 140; Bprgesen 1934a: 22; 1934b: 47; P.L. 
Anand 1943: 38; Lucas & Perrin 1947: 254; Durair. 1961:15; Jaasund 1976:137; G.W. Lawson 
1980: 32; P.C. Silva et al. 1996: 468. — Type: MICH 1319, from Rottnest Island, Australia. 
Acanthochondriafalkenbergii Weber Bosse 1911:3. — Syntypes: Weber-van Bosse s.n. (L 938.303- 
85), Weber-van Bosse s.n. (L 938.303-84). 

Plants 15-20 cm high, robust, purplish, tough in texture, pyramidally ramified on all 
sides (Fig. 9). Plant attached by a lobed disk, with stolons spreading from the main 
axes. Main axes terete, 0.8-0.9 mm wide, with only few spiny outgrowths, but branches 
and branchlets spinous. Apices of main axes rounded (Fig. 13). Branches and branchlets 
constricted at their bases, not subtended by a spine. Spines continuously spread at the 
end of determinate branches, 0.4-0.5 mm broad. Axial cells very distinct, with 5 peri¬ 
axial cells, exceeding the axial cell in size (Fig. 11). In surface view, epidermal cells 
elongated (Fig. 12). Stichidia spineless, regularly developed on setaceous rachis of 
apices of ramuli. Tetraspores, terminal in stichidia, tetrahedrally divided. Cystocarps 
globose, sessile on spinous ramuli (Fig. 14). Male plants smaller than female plants 
(Fig. 10), spermatangia borne on branchlets, disk-like (flattened), margins composed 
of large, oblong, thick-walled transparent cells. 

Distribution — Indian Ocean (Fig. 43). 

Specimens examined: MICH 1319; L 938.303-85, Weber-van Bosse; L 941.98-165, Weber-van 
Bosse (cystocarpic); L 938.303-84, Weber-van Bosse (spermatangial); NY 5261 (tetrasporic). 

3. Acanthophora muscoides (L.) Bory — Fig. 1,15-20,44 

Acanthophora muscoides (L.) Bory 1828: 156; J. Agardh 1863: 816; Grunow 1868: 92; Maz6 & 
Schramm 1870-1877: 246; Dickie 1875: 148; De Toni & Levi-Morenos 1888: 31; De Toni 
1895: 31; 1903: 818; Bprgesen 1918: 264; 1937: 348; M. Howe 1920: 569; W.R. Taylor 1928: 
165, t. 26, f. 7, t. 34, f. 9; 1931: 27; 1943: 161; 1960: 620, t. 72, f. 3; 1964: 8; 1969: 186; W.R. 
Taylor& Rhyne 1970: 15; Okamura 1932: 140; Yamada 1944: 44, 45;V.J. Chapm. 1963: 188; 
Diaz-Piferrer 1966: 65; Ferreira & Pinheiro 1966: 65; A.B. Joly 1967: 446; Oliviera Filho 
1967: 172; Steentoft 1967: 136; W.D. Richardson 1975: 134; Isaac 1967: 80; Jaasund 1976: 
137, f. 278; Dawes 1976: 151; G.W. Lawson 1980:32; Trono & Ganzon-Fortes 1980: 97, f. a- 
b; 1988: 182, f. 130; Cordero 1981: 202, f. 204; G.W. Lawson & D.M. John 1982: 1, 2, t. 5, f. 
7-8; 1987: 297, t. 48, f. 7-8; C.K. Tseng 1983: 142, t. 74, f. 1; Seagrief 1984: 3; J.H. Price et 
al. 1986: 4; T. Yoshida et al. 1985: 266; P.C. Silva et al. 1987: 60; Coppejans & Prud’homme 
1992: 189; Verheij & Prud’homme 1993: 443, t. 15, f. 1; P.C. Silva et al. 1996: 469. — Fucus 
muscoides L. 1735: 1161. — Chondria muscoides C. Agardh 1822: 361; 1824: 209, excl. var. 
Mont. 1838-1842: 43. — Neotype (Bory 1828: 156): LD 94/068.9765 (n° 38011), from 
Ascension Isl. 

Fucus acanthophorus auct. non J.V. Lamour.: Turner 1808: 68, t. 32, p.p. — Chondria muscoides 
var. B tumeri C. Agardh 1822: 362; 1824: 209. — Acanthophora militaris J.V. Lamour. 1813: 
132, t. 4, f. 4-5. nom. nud; C. Agardh 1822: 367 [spec, inquir.]; 1824: 210; Grev. 1830: 54; 
Kiitz. 1849: 859 [spec, inquir.]; 1865: 28, t. 76, type: CN. 

Acanthophora delilei auct. non J.V. Lamour.: Harv. 1853: 18 [excl. syn.]; G. Murray 1889: 17. — 
Type: not existing (or TCD: Harvey’s material). 

Plants 6-16 cm high, main axes 0.7-1 mm wide, cartilaginous and reddish to purple, 
attached to the substrate by a flat disk-like holdfast with erect shoots growing upwardly. 
Fronds cylindrical, bipinnate, subdichotomous to alternate and irregularly branched, 
apically tapered to a rounded tip (Fig. 15, 16, 18, 19). Terminal branches crowded 
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Fig. 15-20. Acanthophora muscoides (L.) Bory. — 15. Habit; LD 94/068.9763 (bar = 10 mm). — 
16. Habit of male plant; PH s. n. (bar = 10 mm). — 17. Cross section of erect axis with large peri¬ 
axial cells; L 37.1341 (bar = 200 pm). — 18. Roundish apex with many long spines; LD 38005 (bar 
= 200 pm). — 19. Stichidial ramuli bearing tetrasporangia; LD 38005 (bar = 200 pm). — 20. Urn- 
shaped cystocarp bearing carpospores; MICH 4962/31 (bar = 200 pm). 
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with short spines which are spirally arranged on indeterminate branches as well as on 
the blunt determinate branches. Branches usually subtended by a spine and constricted. 
Lower parts naked except for the numerous scars of detached branches. Ramuli mostly 
have spines, from their base upward, 0.3-0.4 mm broad. In cross section axial cells 
small and rounded, 90 pm in diameter, surrounded by 5 periaxial cells, medulla distinct, 
two to three cells thick (Fig. 17). Cortex composed of 2 layers of very small rounded 
cells. Epidermal cells elongated, fibre-like. Tetrasporangia borne in spinous stichidial 
ramuli which arise from all parts of the determinate branches, often also found at 
apices of branchlets bearing ramuli. Tetraspores tetrahedral. Cystocarps on short 
branchlets, sessile, ovate to urn-shaped with large ostiole (Fig. 20). Spermatangia, 
disk-like (flattened), margin composed of large, oblong, thick-walled transparent cells; 
bearing numerous spermatial cells. 

Distribution—Atlantic Ocean, - Indian Ocean, Pacific Ocean, Red Sea, West Indies 
(Fig. 44). 

Note — There was confusion about the type specimen of this species. Material in 
the Linnaeus collection (microfiche 1274/n° 111, as Fucus muscoides) is not acceptable 
as type. The figure shows a Gracilaria species. After Linnaeus, C. Agardh was the 
first author who applied the name muscoides to his genus Chondria and referred it to 
the Linnaean species Fucus muscoides. Therefore Agardh’s specimen, Chondria mus¬ 
coides from Brazil, inscribed “Chondria muscoides Ag. ad oras Brasiliam & ex mus. 
Paris dedit Desfontaines”, deposited in small fragments at the herbarium of Lund is 
proposed as neotype here. Specimen LD 38005 from Ascension is not an Osbeck 
specimen, and thus not to be accepted as type material. 

Specimens examined: L 939.23-33, Senegal (tetrasporic); PH 46715, La Parguera, Puerto Rico, 
Almodovar (tetrasporic); L 938.92-102, Antilles, Kiitzing; PH s.n., Guanica, Puerto Rico, Almo¬ 
dovar (spermatangial); L 371391, Florida, Dawes (tetrasporic); MICH 14962, Martinique, Hamel; 
MICH 12728, Columbus Isl., Panama; LD 94/068.9763 (n° 38005), Ascension, D’Urville; LD 94/ 
068.9765 (n° 38011), Brazil, Desfontaines (neotype). 

4. Acanthophora nayadiformis (Defile) Papenf. — Fig. 2, 21-27, 45 

Acanthophora nayadiformis (Delile) Papenf. 1968: 96 [‘najadiformis’]; Mefiez & A.C. Mathieson 
1981: 13, 47; Giaccone 1970: 71; G.W. Lawson 1980: 32; Giaccone et al. 1985: 676; Athanas. 
1987: 90; P.C. Silva et al. 1996: 469. — Fucus nayadiformis Delile 1813: 148 [= 292]; 1826: 
t. 56, f. 1. — Type: LD 1001.5a, Alexandria. 

Acanthophora delilei J.V. Lamour. 1813: 132 [‘delilii’], nom. nud.; Decne. 1841: 185; 1842: 358; 

. Grev.; 1830: 54; J. Agardh 1842: 147; Kiitz. 1843: 437, t. 52, f. 4; 1849: 858; Zanardini 1858: 
256; J. Agardh 1863: 817; KUtz. 1865; 27, t. 75, f. a-c; Falkenb. 1879: 275; 1901: 227, t. 22, 
f. 2-3; Ardiss. 1883: 351; Picc. 1884: 322; De Toni & Levi-Morenos 1888: 33; De Toni & Paol. 
1888: 7; G. Murray 1889: 17; DeToni 1903: 819; Muschl. 1908: 213; Preda 1909: 252, f. 76; 
Funk 1927: 445, f. 45; 1955: 140; Bprgesen 1933: 134; 1934b: 47; 1935: 60; 1939: 121; P.L. 
Anand 1943: 35, f. 25; Feldmann 1951: 107; Durair. 1961: 71, t. 32; Boudour. & M. Perret 
1977: 73. — Chondria delilei (J.V. Lamour.) C. Agardh 1822: 363 [‘delilii’] nom. illeg.; 1824: 
209; Mont. 1842: 43, as delilii. — Type: PC Alexandria and Suez (not specified). 

Cystoseira acanthophora Delle Chiaje 1829. 

Fucus acanthophorus auct. non J.V. Lamour.: Turner 1808: 68, t. 32, p.p. 

Plants 10-12 cm high, main axes 1.3-1.5 mm wide, cartilaginous, erect, cylindrical, 
attached to the substratum by rhizoids, producing stolons from the most basal part of 
the main axis, and also from the axils of the spines. Thallus irregularly branched. 
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Fig. 21-27. Acanthophora nayadiformis (Delile) Papenf. — 21. Habit; LD 1001.5a (bar = 10 mm). 
— 22. Habit of male plant; PH s.n. (bar = 10 mm). — 23. Cross section of erect axis with large 
periaxial cells; LD 1001.5a (bar = 200 pm). — 24. Apical part with many long spines; LD 1001.5a 
(bar = 200 pm). — 25. Propagule, spike cone-shaped; L 965.316-274 (bar = 200 pm). — 26. Sti- 
chidial ramuli bearing tetrasporangia; HBG 24/1482 (bar = 200 pm). — 27. Urn-shaped cystocarp 
bearing carpospores; HBG 18/182 (bar = 200 pm). 

alternate or secund with spinous outgrowths on the main axes, covered with secondary 
branches above, often pinnate or bipinnate with smaller ramuli (Fig. 21,22). Branches 
not constricted. Determinate branches subtended by a spine. Ramuli either naked or 
with few widely spaced, perpendicularly placed spines or irregularly covered with 
alternate spines, 0.1-0.3 mm broad, sometimes lengthened into new branches (Fig. 
24). Cross section of the axis showing five periaxial cells enveloped by soft tissues 
(Fig. 23). Cortical cells partly smaller towards the periphery. Epidermal cells elongated, 
fibre-like. Vegetative propagation by means of specialised propagules (Fig. 25) (Cecere 
et al., 1994), borne at the distal ends of the main axes, lateral branches and branchlets. 
Propagules deciduous, swollen, dark bodies, derived from the transformation of apical 
parts of branches of any order, and detectable because of their dark colour due to the 
contents of floridean starch granules; resembling swollen spiked cones when mature. 
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protruding from the axilliary region of typical spirally arranged spines, curving down¬ 
ward and attaching to the substrate. Stichidia borne on the bases of short lateral 
branches, globose, spineless on surface, but apices blunt with many spines. Tetraspores 
formed throughout these stichidial ramuli, tetrahedrally divided. Cystocarps sessile, 
urn-shaped, borne on ramuli (Fig. 27). Spermatangia disk-like structures (more or 
less flattened), margin composed of large, oblong, thick-walled transparent cells. 

Distribution — Atlantic Ocean, Black Sea, Mediterranean Sea, Indian Ocean, Red 
Sea (Fig. 45). 

Note—The presence of propagules in this species is easily detectable in herbarium 
specimens, because of their darker colour. 

Specimens examined: ID 1001.5a, Alexandria; LD 1001.5b, Egypt; L 939.194-936, Alexandria; 
HBG 18/182 (cystocarpic); PH s.n.. Key West (spermatangial); HBG 24/1482 (tetrasporic); NY 
5261, Key West (tetrasporic); LD 238b (tetrasporic). 

5. Acanthophora pacifica (Setch.) Kraft — Fig. 43 

Acanthophora pacifica (Setch.) Kraft 1979: 123-135. — Cladhymenia pacifica Setch. 1926: 102. 

— Type: UC 261336 (Setchell 5220), Tahiti, reef at Aru point, June 27, 1992 (not seen). 

Plants of 3-10 cm height, growing in gregarious clumps, cartilaginous, with colours 
ranging from reddish-yellow to a deep reddish-brown, anchored to solid substrate by 
fleshy, fluted holdfasts, above which both erect and semi-prostrate, stoloniferous, 
axes issue. Stolons attached by secondary disciform holdfasts. Main axes proximally 
subterete for 4-6 mm, diameter 1-3 mm. The flattened erect parts range from 1-4 
mm in width and 200-600 pm in thickness and branch mainly from the margins. 
Apices pyramidal and beset with a few short unbranched or sparingly branched 
trichoblasts. Branches either short determinate spirally produced spines or indeter¬ 
minate laterals, often with pinnate or subdichotomous branching. Spines occur on the 
faces of the blades, as well as on the margins. In the sections cut near the apex of the 
main axes 5 distinct periaxial cells occur, surrounded by parenchymatous inner cortical 
cells, and a single layer of pigmented outer cortical cells, 1.5-6 times longer than 
broad. Tetrasporangial stichidia solitary or in dendroid clusters along the margins of 
the blades. Several tetrasporangia formed in a whorl at each tier of the stichidia, 
sporangia measure 100 pm. Cystocarps formed in the axils of spines, probably sessile 
and globose. Spermatangial clusters plate-like, developed on a trichoblast of which 
the basal 1-2-celled part persists as the uniseriate stalk of the disk; margin of 1-2 
layers of sterile cells. Description based on Kraft (1979). 

Distribution — Pacific Ocean (Tahiti, Hawaii) (Fig. 43). 

Note — The transfer of this species to the genus Acanthophora was mainly based 
on the presence of spirally arranged spines. However, occasionally spines do also 
occur in Chondria species. These are usually described as spurs, from which the cysto¬ 
carps arise. According to Gordon-Mills & Womersley (1987) the observation by Kraft 
(1979) that spines of A. pacifica originate from the abaxial side of a basal cell of a tri¬ 
choblast, is probably not pertinent to the situation in other Acanthophora species. 
They suggest that in A. spicifera the spines develop directly from the whole trichoblast 
which is highly modified. In that case the spines are directly comparable to the pointed 
spurs at the base of cystocarps in several Chondria species which also develop from 
modified fertile trichoblasts. 




Fig. 28-32. Acanthophora ramulosa Lindenb. ex Kiitz. — 28. Habit; L 939.6-14 (bar = 10 mm). 

— 29. Cross section of erect axis with large periaxial cells; C 1124/93 (bar = 200 pm). — 
30. Rounded apex; BR 127.2.816 (bar = 200 pm). — 31. Stichidia borne on ramuli (bar = 200 pm). 

— 32. Globose cystocarp bearing carpospores; BR 127.2.816 (bar = 200 pm). 
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6. Acanthophora ramulosa Lindenb. ex Kiitz. — Fig. 28-32,42 

Acanthophora ramulosa Lindenb. ex Kiitz. 1843:437; 1849: 858; 1865: 27, t. 76, f. a-c; Steentoft 
1967:136, f. 3, t. 2, f. 2; G.W. Lawson & D.M. John 1982: 316, t. 50, f. 5; 1987: 297, t. 51, f. 5; 
J.H. Price et al. 1986: 5. 

Acanthophora muscoides var. ramosissima Lindenb. ex Sond. 1871: 18. — Chondria ramosissima 
Lindenb. in herb. — Type: L 939.6-14 (isotypes in HBG and C), from Angola. 

Plant bushy, 10-20 cm high, robust. Main axes 1.2-1.3 mm wide, cartilaginous and 
deep pink in colour, attached with lobed, rather flattened disciform holdfast. Apices 
blunt. Fronds piramidally ramified on all sides (Fig. 28, 30). Branches many times 
irregularly divided and covered by spine-like branchlets. Determinate branches not 
subtended by a spine. Terminal branches short, in many cases developing into rather 
wrinkled and spineless ramuli in which tetrasporangia formation is incipient (Fig. 31). 
Insertion of branches constricted. Older parts of plants naked, with side branches ovoid 
to cylindrical, and strongly reminiscent of those in Chondria. The apical parts tipped 
with at most one or two spines (Fig. 30). Spines on indeterminate and determinate 
branches, 0.1-0.2 mm broad. Epidermal cells elongated in surface view. Five distinct 
periaxial cells present with 2 layers of parenchymatous cells towards the periphery 
(Fig. 29). Stichidia resembling ordinary branchlets, globose to cylindrical, spineless 
or, more generally, with one to two spines. Tetraspores terminal. Cystocarps um-shaped 
to ovoid (Fig. 32) borne on a short stalk and usually subtended by a spine. 
Distribution — Atlantic Ocean (Angola, Sao Tome) (Fig. 42). 

Note — Acanthophora ramulosa is often included in A. muscoides because of a 
morphological similarity (e.g., De Toni, 1903; Agardh, 1863). Steentoft (1967), how¬ 
ever, compared these species and concluded that A. ramulosa should be considered as 
a separate species. After study of the type specimen from Angola, the present writers 
agree with Steentoft regarding A. ramulosa as different from A. muscoides because of 
the morphology of stichidia (wrinkled/spineless stichidia in A. ramulosa and spiny in 
A. muscoides) and the distribution of spines. Unfortunately there is no material available 
from other localities. 

Specimens examined: L 939.6-14, Kiitzing; C L124/93; BR 127.23.816; HBG 43/1482 , all 
Angola. 

7. Acanthophora spicifera (Vahl) Bprgesen — Fig. 3, 33-39, 46 

Acanthophora spicifera (Vahl) Bprgesen 1910: 201, f. 18-19; 1918: 259, f. 253-258; 1936: 94; 
1937:348; 1945:61; 1953: 56; M. Howe 1918: 520; 1920:569; Weber Bosse 1923: 347, f. 131, 
132; W.R. Taylor 1928: 165, t. 26, f. 5, 6, t. 34, f. 7; 1931: 27; 1939: 16; 1940: 559; 1941: 99; 
1943: 161; 1954: 105; 1960: 620, t. 71, f. 3, t. 72, f. 1, 2; 1962: 61; 1969: 186; 1976: 98; 1977: 
14; W.R. Taylor & Arndt 1929: 658; W.R. Taylor & Bemat. 1969: 39; W.R. Taylor & Rhyne 
1970: 15; P.L. Anand 1943: 37; Fritsch 1945: 556, f. 204E; E.Y. Dawson 1954: 456, f. 61, 
a-b; Womersley 1958: 158; Rodriguez 1959: 279; Durair. 1961: 71, t. 19, f. 2-6; V.J. Chapm. 
1963: 143, f. 148; Kim 1964: 165; A.B. Joly 1965: 236, t. 54, 55, f. 651, 680-683; 1967: 446; 
M.M. Ferreira &Pinheiro 1966:65;01ivieraFilho 1967: 172; 1969: 172; Steentoft 1967: 138; 
Trono 1968:293; 1969:87; 1986:279, f. 91; Womersley & A. Bailey 1970:337; W.D. Richardson 
1975: 134; Dawes 1976: 151, f. 74; C. Hoek et al. 1972: tabel 15; Jaasund 1976: 137, f. 276; 
G.W. Lawson 1980: 32; Trono & Ganz.-Fort. 1980: 99, f. a; 1988: 183, f. 131, A, B; Zhang & 
Xia 1980: 62, f. 10, 11; Cordero 1981: 203, f. 201, 203, t. 26, A; Mefiez & Calumpong 1981: 
381; G.W. Lawson & D.M. John 1982: 317, t. 51, f. 1, 2; 1987: 298, t. 48, f. 1, 2; Cribb 1983: 
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105; C.K. Tseng 1983: 142, t. 74, f. 2; T. Yoshida et al. 1985: 266; J.H. Price et al. 1986:5; P.C. 
Silva etal. 1987: 60; C.W. Schneid. & Searles 1991:431; Coppejans & Prud’homme 1992:189; 
Verheij & Prud’homme 1993:444,1.15, f. 2;M.J. Wynne 1995: 301; P.C. Silva et al. 1996:470. 
— Fucus spiciferus Vahl 1802: 44. — Type: C 124/93 (n° 10), from Key West, Florida. 

Fucus acanthophorus J.V. Lamour. 1805: 61, t. 30,31, f. 1. — Acanthophora thierryi J.V. Lamour. 
1813: 132 ['thierii']; Grev. 1830: 54; Kiitz. 1843: 437, t. 52, f. 5; 1849: 858; 1865: 27, t. 75, 
f. h-1; Harv. 1847: 34 [excl. syn.]; 1853: 17, t. 14A, f. 1-3; J. Agardh 1863: 819; Schramm & 
Maz6 1865: 56; Grunow 1868: 92; Mazd & Schramm 1870-1877; 247; Zanardini 1872: 138; 
Dickie 1875: 148; De Toni & Levi-Morenos 1888: 33; G. Murray 1889: 17; F. Schmitz 1889: 
13; De Toni 1903: 820; Pilg. 1911: 303. — Chondria acanthophora C. Agardh 1822: 363; 
1824:209.—Type: CN. 

Acanthophora antillarum Mont, ex Kiitz. 1865: 27, t. 75, f. d-g; sensu Maze & Schramm 1870- 
1877: 247; sensu De Toni 1903: 821; sensu M. Howe 1920: 569; sensu Cribb 1983: 106. — 
Acanthophora thierii J.V. Lamour. forma gracilis P. Crouan & H. Crouan ex Maze & Schramm 
1870-1877: 247, G. Murray 1889: 17. — Type: L 938.92-97, loc. Cuba. 

Chondria muscoides auct. non L.: Mont. 1842:43; Kiitz. 1849: 859; 1865:27, t. 77, f. a-c; De Toni 
& Levi-Morenos 1888: 33. — Acanthophora intermedia P. Crouan & H. Crouan ex Schramm 
& Maze 1865: 57; Maze & Schramm 1870-1877: 247. — Type: unknown. 

Acanthophora orientalis J. Agardh 1863: 821; Kiitz. 1865: 28, t. 77, f. d, e; Sond. 1871: 18; Picc. 
1886: 81, 90; Askenasy 1888: 48, t. 9, f. 11, 12; De Toni & Levi-Morenos 1888: 33; Falkenb. 
1901: 226; De Toni 1903: 822; Weber Bosse 1914: 287; C.K. Tseng 1935: 102; Papenf. 1943: 
92; Seagrief 1984: 3; G.W. Lawson 1980: 32. — Acanthophora spicifera forma orientalis 
(J. Agardh) Weber Bosse 1923: 348. — Acanthophora spicifera var. orientalis (J. Agardh) 
Zaneveld 1959: 25, 106. — Types: LD 4/062.9778 (n° 38079-38081), loc. Mariana Isl., coll. 
J. Agardh. 

Acanthophora wightii J. Agardh 1863: 821; De Toni & Levi-Morenos 1888: 33; De Toni 1903: 
822. — Acanthophora orientalis J. Agardh var. wightii J. Agardh ex Sond. 1879: 81. — 
Acanthophora spicifera (Vahl) Bprgesen forma wightii (J. Agardh) Weber Bosse 1923: 348. — 
TVpe: LD and TCD, loc. India. 

Plants up to 20 cm high, sparingly branched, wide spreading, or somewhat bushy, 
cartilaginous, attached to the substrate by a large lobed disk from which several erect 
axes rise (Fig. 33). Main axes quite thick, 2.2 mm wide, spines absent or scarce, with 
alternately or irregularly divided terete branches of indeterminate growth and shorter 
branches of determinate growth, often subtended by a spine. Branching irregular to 
radial, rather sparse below and often more abundant above. Branches not constricted, 
partly or completely spirally covered with spine-like ramuli, spines mostly found in 
the upper part of the determinate branches. Apices of plants pointed, protruded in the 
form of a pyramid with dense spines, the latter 0.5- 0.8 mm broad and getting smaller 
in size towards the apex (Fig. 35). When fully grown, trichoblasts protrude and seem¬ 
ingly envelop the apical part of the plant. Trichoblasts dichotomous, borne on the tips 
of branches and branchlets. Cross section of the axis shows a central cell surrounded 


Fig. 33-39. Acanthophora spicifera (Vahl) B 0 rgesen. — 33. Habit of male plant; PH s.n. (bar = 
10 mm). — 34. Cross section of the erect axis with large periaxial cells; L 0128 (bar = 200 |Jm). — 
35. Apical part with many spines, note the arrangement of spinous branchlets becoming smaller 
toward the apex; L1050 (bar = 200 pm). — 36. Stichidia borne on ramuli; L1050 (bar = 200 pm). 
— 37. A different form of stichidia, spineless and protruding from the spinous ones; PH s. n. , from 
Gabon (bar = 200 pm). -— 38. Um-shaped cystocarp bearing carpospores; L 514685 (bar = 200 
pm). — 39. Surface view of epidermal cells; C 124/93 (bar 20 = pm). 
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Fig. 40 & 41. Carposporophyte and antheridia of Acanthophora. — 40. Carposporophyte. AU = 
Auxiliary cell (or fusion cell), CA = carpospores, GO = gonimoblast. Notice the four-celled filament 
developing from auxiliary cells (bar = 10 pm). — 41. Antheridial body with a sterile cell margin 
and numerous spermatangia on the surface (bar = 100 pm). 


by 5 distinct periaxial cells and small, rounded cortical cells, gradually diminishing 
in size towards the periphery (Fig. 34). Fibre-like epidermal cells (Fig. 39). Stichidial 
ramuli short at the bases of branches and elongated at the upper ends (Fig. 36, 37). 
Tetraspores tetrahedral, developed in abundance throughout as well as terminal on 
stichidial ramuli bearing spines. Spermatangial cluster plate-like, developed on a tri- 
choblast of which the basal cell persists as the stalk of the disk, margin composed of 
large, oblong, thick-walled clear cells. Cystocarps urn- or pear-shaped (Fig. 38), sub- 
sessile in the axils or near the bases of spine-like branchlets. 

Distribution — Atlantic Ocean, Caribbean, Indian Ocean, Pacific Ocean, Red Sea 
(Fig. 46). 

Note — Acanthophora spicifera can be distinguished from other species by the 
absence of spine-like branchlets located on the main axes. This seems to be the main 
distinctive character of this species. However, in practice, careful study of the type 
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specimen and specimens from different geographical localities, occasionally revealed 
solitary spines among branchlets on the main axes. This creates confusion with other 
species. Comparing spine distribution on the main axes of A. spicifera with respect 
to other species (A. muscoides, A. nayadiformis, A. ramulosa), the abundance of the 
spines is a remarkably clear character, because in the latter group spines occur in high 
density on the main axes. Other distinctive characters of A. spicifera, concerning the 
distribution of spines on the branchlets (mostly at the apices) and the arrangement of 
spines on the indeterminate branches (getting smaller in size toward the apical parts) 
should also be taken into consideration. 

Specimens examined: C124/93 (n° 10); LD 4/062.9778 (n° 38079-38081), Manilam, J. Agardh 
(tetrasporic); L 938.92-97, Cuba; L 0950, L 1050, SW Sulawesi, Verheij (tetrasporic); L 514685, 
Bay Negros, Oriental Philippines; PH s.n., Yabucoa, Puerto Rico, Morrill (spermatan-gial); L 939.6- 
122, Isl. Maurice, De Robilland; L 939.6-35, Nosi-be, Madagascar; L 943.68-297, Terne, Mahe, 
Seychelles; L 959.8-029, Gulf of Carpentaria, N.T. Australia; L 939.271-74 (n° 19146), New 
Caledonia; L 965.321-492, Hawaii, Bailey; L 164.921-40, Guadalcanal-Kopiu, Solomon Islands. 

DISCUSSION 

Study of the literature and observations on actual specimens reveal that few substantial 
diagnostic features can be found leading to a better understanding of species delimita¬ 
tion within the genus Acanthophora. 

Despite the similarity in species characters, several diagnostic features are proposed 
for species delimitation. 

Vegetative characters 

Branching 

In general the spirally arranged branching pattern does not vary within the genus 
Acanthophora. Nevertheless, ramification is different between some species which 
can either be caused by ecological factors or can be a differentiating feature between 
species; the ramification in A. muscoides seems to be more dense than in A. spicifera. 
Insertion of branches can differ between species. In contrast to other Acanthophora 
species, branches of A. spicifera, A. nayadiformis and A. pacifica are not constricted 
at their bases. 

Spine development 

The main character differentiating Acanthophora from its related genus Chondria 
is the presence of spines. There may be confusion, however, when Chondria species 
are beset with pointed spurs, from which cystocarps may arise (Gordon-Mills & 
Womersley, 1987). The spine arrangement is quite different among the species. Acan¬ 
thophora spicifera lacks spines on the main axes. The branches issuing from these 
main axes in that species have no spiny branchlets at their base, as is the rule in most 
other species. Moreover, the spines in A. spicifera are mostly found at the upper end 
of the branchlets, the arrangement of spines is dense, and spines become smaller 
towards the apices. 

Acanthophora muscoides and A. nayadiformis belong to a group of species in which 
isolated spines are found on main axes, while branches issue from the axils of spines 
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as adventitious branches (Falkenberg, 1901). Branchlets in these species mostly have 
spines developed from their basis upward. Additionally, branches and branchlets are 
in general subtended by a spine and the apical parts are tipped with several spines of 
uniform size. 

Acanthophora ramulosa has well developed branches of indeterminate growth bear¬ 
ing numerous spines. The branchlets are of two kinds: in younger parts of the plants 
they resemble simple, short elongated branches, whereas in older parts of the main 
axes they bear spines. Neither branches nor branchlets develop from the axils of spines. 

In Acanthophora dendroides, spines are found on the main axes. Incidentally, espe¬ 
cially near the apical parts of the branches and branchlets, short spines are present. 
Moreover, the spines are quite broad at their base compared to other species. 

Acanthophora aokii has spike-like shoots spirally wound around both branches 
and main axes. The spines are minute and solitarily scattered, and the apical parts are 
not covered by spines. 

The flattened thalli of Acanthophora pacifica are beset with spirally produced spines 
(Kraft, 1979). 

Attachment 

The attachment structure is generally similar amongst all species. Nevertheless, 
character polymorphism is present for the basal disk. Acanthophora muscoides, 
A. aokii, and probably also A. pacifica have flat disciform holdfasts, while other species 
(A. spicifera, A. ramulosa and A. dendroides) have lobed disciform holdfasts. In 
A. nayadiformis, the attachment is composed of a rhizoidal holdfast, whereas the simple 
attachment disks described in literature for the genus can be observed in the field only 
in sporelings (Cecere et al., 1994). Stolons do occur in A. dendroides, A. nayadiformis 
and A. pacifica, but have not been observed in the other Acanthophora- species. 

Reproductive characters 

All Acanthophora species are dioecious, although for A. aokii, gametophytic speci¬ 
mens are not known. 

Tetrasporangial stichidia 

Tetrasporangia are developed in stichidial ramuli bearing spines in A. spicifera, 
A. pacifica and A. muscoides. In the other Acanthophora species the stichidia are 
without spines, or spines are scarce. Additionally, the distribution of tetrasporangia 
within the stichidia is quite variable. In A. spicifera, for instance, where stichidial 
bodies are short, tetrasporangia are developed near the base, while in longer stichidia 
the tetrasporangia are developed near the tip. In A. muscoides, tetrasporangia are often 
also formed in the tips of branchlets bearing the fertile ramuli. Tetrasporangial stichidia 
are present from the base to the apex of the indeterminate branches, but the tetra¬ 
sporangia occur mostly near the tip of the stichidial ramuli. 

In A. aokii, stichidia are globular or oblong and occupy the tip of ramuli which 
often bear one terminal spine; A. nayadiformis has spineless and globose stichidia 
with tetrasporangia distributed throughout; A. dendroides has ovate and not very spiny 
stichidia, but also with tetraspores distributed throughout. In A. ramulosa, tetraspo¬ 
rangia occupy the terminal part of short, wrinkled, spineless, determinate branches 
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and tetrasporangia mostly occur at the tip of stichidial ramuli. The determinate 
branchlets of A. pacifica that become tetrasporangial stichidia, remain terete and form 
tetrasporangia in each tier of the central axial filament of these stichidia. 

Cystocarps 

Most of the Acanthophora species have sessile cystocarps borne on determinate 
branchlets. Acanthophora spicifera has subsessile cystocarps formed in the axil of 
spine-like branchlets, while cystocarps of A. ramulosa are borne on short stalks. 
Cystocarp morphology is also different between the species, but mostly it is um-shaped. 
Acanthophora spicifera has um- to pear-shaped cystocarps, while cystocarps are (sub)- 
globose in A. dendroides and probably also in A. pacifica. 

Propagules 

Acanthophora nayadiformis is known to be capable of forming small branches 
from the apical part of the indeterminate branches which serve vegetative propagation. 
Propagules resemble swollen spike cones containing floridean starch granules (Cecere 
et al., 1994). Propagules have not been observed in other species studied here. However, 
Petrocelli (pers. comm.) observed propagules in A. spicifera and expects them also to 
be present in other species. 

Geographical distribution 

A survey of distribution of all species, as based on available publications and notes 
on distribution on herbarium vouchers, resulted in distribution maps for the Acan¬ 
thophora species (also: Hitipeuw, 1996). 

Acanthophora spicifera has a wide geographical distribution (Fig. 46) in the warmer 
regions of the West Indies, Caribbean, West Africa, Indian Ocean and Indo-Pacific 
regions. In the northern part of the Atlantic Ocean this species has only been reported 
from Biarritz (Bprgesen, 1918). So far there are no records of the species from the 
Mediterranean. However, recently A. spicifera was found at several localities of the 
Red Sea coast of Eritrea (Ateweberhan, pers. comm.). This species was also recorded 
from the most southern part of the Atlantic Ocean (Harvey, 1847). Harvey doubted, 
however, the occurrence of A. spicifera on the Falkland Islands since this species is 
normally distributed in warmer regions. He wondered if there could be any mistake in 
the habitat or identification. There are no records from the east side of the Pacific 
Ocean. 

Like A. spicifera, A. muscoides has a wide geographical distribution (Fig. 44). 
Most records are from the West Indies and the Caribbean region, and the northern and 
southern Indian Ocean. In the southern part of the Atlantic Ocean, this species is dis¬ 
tributed from West to East. Acanthophora muscoides is not recorded from the Red 
Sea and the Mediterranean or from North Atlantic regions, nor from the eastern coast 
of the Pacific Ocean. 

Acanthophora nayadiformis occurs throughout the Mediterranean and the Red Sea. 
This extends to the northern part of the Indian Ocean (Fig. 45). According to herbarium 
specimens, this species also occurs in Florida. 

The distribution area of A. dendroides is the Indian Ocean, including the north¬ 
western part of Australia (Fig. 43). The species is also recorded from Indonesia. 
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Acanthophora aokii was first recorded from Taiwan and seems to have a limited 
distribution in the West Pacific (Fig. 42). 

Acanthophora ramulosa appears to have a geographic distribution in the South- 
East Atlantic region. Steentoft (1967) stated that this species is apparently endemic to 
the Gulf of Guinea (Fig. 42). 

Acanthophora pacifica is only known from Tahiti and Hawaii, both in the Pacific 
Ocean (Fig. 43). 



Fig. 42. Geographical distribution map of Acanthophora aokii Okamura (•) and A. ramulosa 
Lindenb. ex Kiitz (★). 



Fig. 43. Geographical distribution map of Acanthophora dendroides Harv. (•) and A. pacifica 
(Setch.) Kraft (★). 
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Fig. 46. Geographical distribution map of Acanthophora spicifera (Vahl) Bprgesen. 
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Phylogenetic analysis 

Based on the published descriptions and detailed observations on type material 
and other specimens of Acanthophora, 19 characters were selected and used for phylo¬ 
genetic analysis (Table 3). A majority of these characters is based on features of the 
spines. However, characters based on aspects of reproduction, dimensions, vegetative 
structures were - when available - incorporated in the analysis as well. 

Table 3. Morphological characteristics selected for phylogenetic analysis of Acanthophora. 

1. Prostrate system (holdfast) 0 = flat disk, 1 = lobed disk, 2 = rhizoids 

2. Size of fronds 0 = small (< 5 cm), 1 = medium (5-12 cm), 

2 = large (> 12 cm) 

3. Width of main axes 0 = < 1mm, 1 = 1-2 mm, 2 = > 2 mm 

4. Branches 0 = terete, constricted at the base, 

1 = terete, not constricted, 2 = flattened 

5. Spines on indeterminate branches 0 = present, 1 = absent or scarce 

6. Determinate branches 0 = subtended by a spine, 1 = not subtended by a spine 

7. Size of spines 0 = narrow (< 0.1 mm), 1 = medium (0.1-0.3 mm), 

2 = wide (> 0.3 mm), 3 = no spines 

8. Position of spines on determinate 0 = at the end, 1 = from base (continuously) to the end 

branches 2 = irregular, solitary and scattered, 3 = no spines 

9. Ultimate branches (ramuli) 0 = spiniferous, 1 = spineless/wrinkled, 

2 = both, 3 = other forms (clavate, fusiform) 

10. Form of apices 0 = pointed, 1 = blunt, 2 = round, 3 = depressed 

11. Arrangement of spines at the apex 0 = spineless, 1 = 1 or 2 spines, 

2 = many spines (more than 2) 

12. Stichidia 0 = spiniferous, 1 = spineless, 

2 = ovate, with few spines 

13. Position of stichidia on determinate 0 = throughout ramuli, 1 = at the base, 

branches 2 = at the apex 

14. Position of tetrasporangia in stichidia 0 = scattered, 1 = terminal, 2 = both 

15. Form of cystocarp 0 = urn-shaped, 1 = pear-shaped, 2 = globose 

16. Position of cystocarp 0 = sessile, 1 = subsessile, 2 = on short stalks 

17. Texture 0 = cartilaginous, 1 = rather soft 

18. Form of epidermal cells 0 = elongated/fibre like, 1 = rounded 

19. Stolons 0 = absent, 1 = present 


Table 4. Data matrix of character states of Acanthophora. 


Characters: 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 17 

18 

19 

A. aokii 

0 

0 

0 

0 

0 

1 

0 

2 

0 

2 

0 

1 

2 

0 

? 

? 

1 

1 

0 

A. dendroides 

1 

2 

0 

0 

0 

1 

2 

0 

0 

2 

1 

2 

2 

1 

2 

0 

0 

1 

1 

A. muscoides 

0 

1,2 

0 

0 

0 

0 

2 

1 

0 

1 

2 

0 

0 

1 

0 

0 

0 

0 

0 

A. nayadiformis 

2 

1 

1 

1 

0 

0 

1 

2 

2 

1 

2 

1 

1 

0 

0 

0 

0 

0 

1 

A. pacifica . 

0 

0,1 

2 

2 

0 

1 

1 

0 

0 

0 

2 

0 

0 

0 

2 

0 

0 

0 

1 

A. ramulosa 

1 

1,2 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

0 

2 

0 

0 

0 

A. spicifera 

1 

1,2 

2 

1 

• 

1 

2 

0 

0 

0 

2 

0 

0 

2 

0,1 

1 

0 

0 

0 

Chondria sp. 

0,1 

0,1,2 

0,1,2 

0 

0,1 

1 

3 

3 

3 

1,2,3 

0 

1 

2 

0 

0,1 

0 

0 

0,1 

0,1 
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Fig. 47. Single most parsimonious cladogram of Acanthophora (L = 62, Cl = 0.82, gi = 0.22), 
showing the distribution of character-state changes (numbers below the circles) of the characters 
(numbers above the circles). 


Usually the species are not polymorphic for the characters selected for the data 
matrix, so the differences between the species are unambiguous. 

The genus Chondria is used as an outgroup in the phylogenetic analysis because of 
similarities in morphological and reproductive structures, like the number of periaxial 
cells, features of antheridial bodies and carpogonial branches. The result of the phylo¬ 
genetic analysis is one single most parsimonious tree as shown in Figure 47. 

It can be noticed (Table 4 & Fig. 47) that characters separating Chondria from 
Acanthophora are the absence of spinous outgrowth on the branches (char. 5, 7, 8) 
and the shape of determinate branches (char. 9,10). Acanthophora aokii seems to be 
most closely related to Chondria. Characters that distinguish this species from the re¬ 
maining Acanthophora species are a small frond size (char. 2) and a membranaceous 
texture (char. 17). Acanthophora dendroides is characterised by having a cystocarp of 
distinct globular shape, a relatively small thallus with narrow main axes (char. 15), 
and ovate stichidia with few spines (char. 12). Acanthophora aokii and A. dendroides 
both have no spines at the apical part (char. 10). Moreover, the cladogram shows a 
clade of A. ramulosa, A. nayadiformis, A. spicifera and A. pacifica closely related by 
sharing characters of spine size (char. 7) and sizes of the main axes (char. 3). These 
species have a sister group relationship with A. muscoides due to a broad range of 
characters (chars 2, 10, 11, 13, 18).. 

When names of species in the cladogram are replaced by names of areas in which 
they occur (Fig. 48), it shows a first branch separating the West Pacific A. aokii from 
the remaining Acanthophora species, and a next grouping which separates A. den¬ 
droides distributed in the Indian Ocean from A. muscoides , A. ramulosa, A. nayadi¬ 
formis, A. spicifera and A. pacifica from the Atlantic Ocean, Mediterranean, Red Sea 
and more widely distributed species. Subsequent split-offs can be recognised. Acantho¬ 
phora spicifera and A. muscoides both are wide-spread tropical species; A. ramulosa 
is probably endemic to a restricted region on the West African coast, A. nayadiformis 
is a typical floral element of the Mediterranean, and A. pacifica is restricted to the 
central Pacific. 
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West Pacific 
Indian Ocean 

Indian Ocean, East & West Atlantic, Pacific 
Mediterranean Sea, Red Sea, Indian Ocean 
Pacific (Hawaii, Tahiti) 

Indian Ocean, Red Sea, East & West Atlantic, Pacific 

East Atlantic 

(outgroup) 


Fig. 48. Area cladogram of the genus Acanthophora showing the division of distribution areas 
related to the phylogeny of the species (Fig. 47). 


CONCLUSIONS 

Based on morphological observations of type specimens and a critical survey of the 
literature, a recognition of seven species of Acanthophora: A. aokii, A. dendroides, 
A. muscoides, A. nayadiformis, A. pacifica, A. spicifera, and A. ramulosa, is supported. 
Species delimitation is mainly based on features of spines, either in relation to vegeta¬ 
tive or to reproductive structures. 

In order to give a detailed picture of the global distribution of Acanthophora, distri¬ 
bution patterns of Acanthophora species are presented, based on herbarium collections, 
critical (published) checklists and catalogues. The geographic distribution of the species 
shows a disjunct pattern, although some species, such as A. spicifera and A. muscoides, 
are widely distributed. 

Phylogenetic analysis shows A. aokii as the most primitive member of Acantho¬ 
phora, suggesting a Pacific origin of this genus. Additionally, the isolated position of 
A. dendroides in the tree suggests this species to belong to the Indo-Pacific algal flora 
and A. ramulosa to be a West African endemic. 

Presumably, species of Acanthophora once have arisen in the West Pacific and 
migrated in a westerly direction facilitated by westward circumtropical currents via 
the Tethys Sea in late Mesozoic times (135-65 Mya). This suggests a primary Tethyan 
imprint. Due to several geological events, however, these distribution routes became 
discontinuous. The closure of the Tethys Sea by a relative uplift of the Middle East 
separated the Indo-Pacific and proto-Atlantic-Mediterranean areas at about the early 
Cenozoic (Hallam, 1981) and blocked further westward distribution. Apparently Acan¬ 
thophora species never reached the Central (proto) Atlantic-Mediterranean areas or 
became extinct during Atlantic surface water temperature crises at late Cenozoic times. 
Geographical segregation and subsequent (allopatric) cladogenesis of A. aokii and 
A. dendroides can be reduced to the opening of the Indian Ocean (135 Mya) and the 
separation of the Indian basin by the rise of the Malaysian Arch (starting 50 Mya). 

The presence of A. ramulosa in the eastern Atlantic and A. muscoides in the East 
and West Atlantic Ocean is very likely caused by migration from the Indian Ocean via 
South Africa during the early Cenozoic (65-50 Mya). An introduction and radiation 
of A. nayadiformis is observed in the Mediterranean, with a secondary invasion of 
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Fig. 49. Schematic representation of postulated biogeographical events affecting the evolution of 
Acanthophora. 


this species into the Red Sea and Indian Ocean after the opening of the Suez Canal. 
Because the first records of A. nayadiformis from the Mediterranean are from far before 
the opening of the Suez Canal (in 1869), a Lessepsian origin of A. nayadiformis is ex¬ 
cluded. The world-wide distributed species A. spicifera is proposed to have re-migrated 
into the Indo-Pacific region using the South African passageway at its final stage 
(around 40 Mya), followed by further eastward migration of A. spicifera and a local 
speciation of A. pacifica at Hawaii and Tahiti. 

The absence of A. muscoides and A. spicifera in the East Pacific despite their pres¬ 
ence in the Caribbean and a gateway through the Isthmus until its closure (3-3.5 
Mya) is puzzling and suggests a relatively late invasion of this species into the tropical 
West Atlantic region (Liming, 1990). 

Acanthophora muscoides is supposed to have reached the Atlantic region shortly 
after local giving rise to this species in the Indian Ocean (Fig. 49). Alternatively a par¬ 
allel re-introduction of A. muscoides and A. spicifera into the Indian Ocean during the 
middle Cenozoic after speciation into the Atlantic Ocean is conceivable, and supports 
the belief of Hommersand (1989), who proposed a floral displacement of ancient 
Indo-Pacific taxa by newly developed and better adapted Atlantic remigrants during 
the middle to late Cenozoic. 

The absence of Acanthophora species in the warm-to-temperate Atlantic Ocean 
except Florida is striking. This can be caused by extinction during the Pleistocene ice- 
periods, assuming A. nayadiformis to have survived in East Mediterranean and Carib¬ 
bean refugia. 






244 


BLUMEA —Vol. 44, No. 1, 1999 


ACKNOWLEDGEMENTS 

We are indebted to the Directors and Curators of the herbaria mentioned for sending material on 
loan. We thank Dr. Gijsbert M. Lokhorst and Dr. Herre Stegenga for critical comments on earlier 
drafts. The study ofYde de Jong was supported by the Foundation of Life Sciences (SLW), which 
is subsidised by the Netherlands Organization for Scientific Research (NWO). The study of Creusa 
Hitipeuw, executed at the Rijksherbarium/Hortus Botanicus, was part of the postgraduate programme 
‘Fundamental and Applied Marine Ecology (FAME)’ of the Free University Brussels, Belgium, 
financed by the European project ‘Environmental Program Maluku’, and with additional financial 
support of Leiden University, Stichting van Maas Deventer, and WWF The Netherlands. 

REFERENCES 

Agardh, C.A. 1817. Synopsis algarum scandinaviae, adjecta dispositione universali algarum. 
Lundae. 

Agardh, C.A. 1822 [1822-1823]. Species Algarum, Vol. 1: 169-398. Lundae. 

Agardh, C.A. 1824. Systema algarum. Lundae. 

Agardh, J.G. 1842. Algae mans Mediterranei et Adriatici, observationes in diagnosis specierum et 
dispositionem generum. Parisiis. 

Agardh, J.G. 1863. Species Genera et Ordines Algarum, seu descriptiones succinctae specierum, 
generum et ordinum, quibus floridearum classis constituitur. 2, 3 (2): 787-1291. Lundae . 
Anand, P.L. 1943. Marine Algae from Karachi. Part 2. Rhodophyceae. Lahore. 

Ardissone, F. 1883. Phycologia Mediterranea I (Floridee). Mem. Soc. Crittogamologica Italiana 1. 
Askenasy, E. 1888. Forschungsreise S.M.S “Gazelle”. IV. Theil: Botanik, Fasc. 2, Algen. Berlin. 
Athanasiadis, A. 1987. A survey of the seaweeds of the Aegean Sea with taxonomic studies on 
species of the tribe Antithamnieae (Rhodophyta). University of Gothenburg, Gothenburg. Thesis. 
Bprgesen, F. 1910. Some new or little known West Indian Florideae, II. Bot. Tidsskr. 30:177-207. 
Bprgesen, F. 1918. The marine algae of the Danish West Indies, Part 3, Rhodophyceae (4). Dansk 
Bot. Arkiv 3: 241-304. 

Borgesen, F. 1933. Some Indian Rhodophyceae especially from the shores of the Presidency of 
Bombay. III. Kew Bull. 1933: 113-142. 

Bprgesen, F. 1934a. Some marine algae from the northern part of the Arabian Sea with remarks on 
their geographical distribution. K. Danske Vidensk. Selsk., Biol. Meddel. 11,6: 1-72. 
Bprgesen, F. 1934b. Some Indian Rhodophyceae especially from the shores of the presidency of 
Bombay. IV. Kew Bull. 1934: 1-30. 

Bprgesen, F. 1935. A list of marine algae from Bombay. K. Danske Vidensk. Selsk., Biol. Meddel. 
12,2:1-64. 

Bprgesen, F. 1936. Some marine algae from Ceylon. Ceylon J. Sci., sect. A, Botany 12,2: 57-96. 
Bprgesen, F. 1937. Contributions to a South Indian marine algal flora-II. J. Indian Bot. Soc. 16,6: 
311-357. 

Bprgesen, F. 1939. Marine algae from the Iranian Gulf. Danish Sci. Invest. Iran 1: 47-141. 
Bprgesen, F. 1945. Some marine algae from Mauritius. III. Rhodophyceae. Part 4. Ceramiales. 

K. Danske Vidensk. Selsk., Biol. Meddel. 19,10: 1-68. 

Bdrgesen, F. 1953. Some marine algae from Mauritius. Additions to the parts previously published. 

K. Danske Vidensk. Selsk. Biol. Medd. 21, 9: 3-62. 

Bory de Saint-Vincent, J.B.G.M. 1828 [1826-1829], Cryptogamie. In: L.I. Duperrey (ed.). Voyage 
autour du monde, execute par ordre du Roi, sur la corvette de Sa Majeste “La Coquille” pendant 
les anndes 1822, 1823, 1824 et 1826. Paris. 

Boudouresque, C.F. & M.M. Perret. 1977. Inventaire de la flore marine de Corse (Mediterranee): 

Rhodophyceae, Phaeophyceae, Chlorophyceae et Bryopsidophyceae. Bibl. Phycol. 25: 1-171. 
Cecere, E., C. Perrone & A. Petrocelli. 1994. Acanthophora najadiformis (Ceramiales, Rhodophyta) 
in the Gulf of Taranto. Giom. Bot. Ital. 128, 6: 1082-1084. 

Chapman, V.J. 1963. The Marine Algae of Jamaica. Part II. Phaeophyceae and Rhodophyceae. 
Publ. Inst. Jamaica, Sci. Ser. 12, 2: 1-201. 



Y.S.D.M de Jong et al.: Revision of Acanthophora 


245 


Coppejans, E. & W.F. Prud’homme van Reine. 1992. The oceanographic Snellius-II expedition. 
Botanical results. List of stations and collected plants. Bull. Sdanc. Acad. R. Sci. d’Outre-Mer 
37, 2: 153-194. 

Cordero Jr., P. A. 1981. Studies on Philippine Marine Red Algae. Nat. Mus. Phil., Manila. 

Cribb, A.B. 1983. Marine Algae of the Southern Great Barrier Reef. Part 1 Rhodophyta. Australian 
Coral Reef Society, Handbook 2, Watson Ferguson & Co., Brisbane. 

Dawes, C. J. 1976. Marine algae of the west coast of Florida. Univ. Miami Press, Coral Gables. 
Dawson, E.Y. 1954. Marine Plants in the vicinity of the Institue Ocdanographique de Nha Trang, 
Vietnam. Pac. Sci. 8, 4: 372-469. 

De Jong, Y. S. D.M. 1998. Systematic, Phylogenetic and Biogeographic Studies of Atlantic Seaweeds. 

Thesis, Rijksherbarium/Hortus Botanicus, Leiden University, Leiden. 

De Jong, Y.S.D.M. & W.F. Prud’homme van Reine. 1997. A review of the genus Nemacystus 
(Spermatochnaceae, Chordariales, Phaeophyceae), including phylogenetic and biogeograph- 
ical hypotheses. Nov. Hedwigia 64, 1-2: 1-40. 

De Toni, G.B. 1895. Phyceae Japoniceae novae addita enumeratione algarum in ditiore maritima 
Japoniae hucusque collectarum. Venezia. 

DeToni, G.B. 1903. Sylloge Algarum omnium hucusque cognitarum 4.3. Florideae 3: 777-1525. 
Patavii. 

De Toni, G.B. & D. Levi. 1888. L’Algarium Zanardini. Collezioni di storia naturale. Venezia. 

De Toni, G.B. & G. Paoletti. 1888. Spigolature per la flora di Massaua e di Suakim. Bol. Soc. 
Veneto-Trentina Sci. Nat. 4: 64-76. 

Decaisne, J. 1841. Plantes de l’Arabie heureuse, recueillies par M.P.-E. Botta. Arch. Mus. Hist. 
Nat. 2: 89-199. 

Decaisne, J. 1842. Essais sur une classification des algues et des polypiers calciferes. Ann. Sci. 
Nat. ser. 2, 17: 297-380. 

Delile, A.R. 1813 [1813-1826]. Flore d’£gypte. Memoire sur les plantes .... Description de 
TEgypte: Histoire naturelle 2: 145-320 [= 1-176]. 

Delile, A.R. 1826 [1813-1826]. Flore d’Egypte. Atlas. Description de l’£gypte: Histoire naturelle 
2: pi. 1-62. 

Delle Chiaje, S. 1829. Hydrophytologiae regni neapolitani icones. Fasc. 1 & 2. 16 & 11 pp., pis. 
1-100. Neapoli. 

Dfaz-Piferrer, M. 1964. Adiciones a la flora marina de la Antillas Holandesas Curazao y Bonaire. 
Caribb. J. Sci. 4, 4: 513-543. 

Dickie, G. 1875. On the marine algae of Barbadoes. J. Lin. Soc. 16: 146-152. 

Durairatnam, M. 1961. Contribution to the study of the marine algae of Ceylon. Fish. Res. Stat. 
Bull. 10: 1-181. 

Falkenberg, P. 1879. Die Meeres-Algen des Golfes von Neapels. Nach Beobachtungen in der Zoolo- 
gischen Station warend der Jahre 1877-1878 zusammengestellt. Mittheil. Zool. Sta. Neapel. 1: 
217-277. 

Falkenberg, P. 1901. Die Rhodomelaceen des Golfes von Neapel und der angrenzenden Meeres- 
Abschnitte. Friedlander & Sohn, Berlin. 

Feldmann, J. 1951. La flore marine de 1’Afrique du Nord. C.R. Heb. Scdances Soc. Biogdog. 243: 
103-108. 

Ferreira, M.M & F. Pinheiro. 1966. Primeira Contribui?2o ao inventaria das algas marinhas ben- 
tonicas ao Nordeste Brasileiro. Arquivos Esta?ao de Biologia Marinha, Univ. Federal do Ceard 
6,1:59-66. 

Fritsch, F.E. 1945. The structure and reproduction of the algae, II. Phaeophyceae, Rhodophyceae, 
Myxophyceae. Cambridge. 

Funk, G. 1927. Die Algenvegetation des Golfs von Neapel. Pubbl. sta. zool. Napoli 7 suppl.: 
1-507. 

Funk, G. 1955. Beitrage zur Kenntnis der Meeresalgen von Neapel. Pubbl. sta. zool. Napoli 25 
suppl.: 1-178. 

Giaccone, G. 1970. Revisione della flora marina del mare Adriatico (con annotazioni biono-miche 
e biogeografiche). Friuli-Venezia. 



246 


BLUMEA — Vol. 44, No. 1, 1999 


Giaccone, G., P. Colonna, C. Graziano, A.M. Mannino, F. Tomatore, M. Cormaci, G. Fumari & 
B. Scammacca. 1985. Revisione della flora marina di Sicilia e isole minori. Boll. Acc. Gioenia 
Sci. Nat. 18, 326: 537-782. 

Gordon-Mills, E.M. & H. B. S. Womersley. 1987. The genus Chondria C. Agardh (Rhodomelaceae, 
Rhodophyta) in southern Australia. Aust. J. Bot. 35: 477-565. 

Greville, R. K. 1830. Algae britannicae (Descriptions of the marine and other inarticulate plants of 
the British Islands. Synopsis). Edinburgh. 

Grunow, A. 1868. Algae (Reise der osterreichischen Fregatte “Novara” um die Erde, Botanischer 
Theil. Bd. 1). Wien. 

Hallam, A. 1981. Relative importance of plate movements, eustasy and climate in controlling 
major biogeographical changes since the Early Mesozoic. In: G. Nelson & D.Z. Rosen (eds.), 
Vicariance biogeography: 303-340. New York. 

Harvey, W.H. 1847. Nereis Australis. Reeves, London. 

Harvey, W.H. 1853. Nereis boreali-Americana. Contribution to a history of the Marine algae of 
North America. Part II. Smithsonian Inst., New York. 

Harvey, W.H. 1855. Some account of the marine botany of the colony of western Australia. Trans. 
R. Irish. Acad. 22: 525-566. 

Harvey, W.H. 1860. Phycologia Australica (Marine Algae of New South Wales, Victoria, Tasmania, 
South Australia, and Western Australia ). Vol. 3: pis. 121-180. London. 

Hitipeuw, Creusa. 1996. A taxonomic, phylogenetic and biogeographic study of the genus Acantho- 
phora (Rhodomelaceae, Rhodophyceae). Thesis, Rijksherbarium, Leiden. 

Holmgren, P. K., N. H. Holmgren & L. C. Barnett. 1990. Index Herbariorum. Part I: The herbaria of 
the world. Ed. 8. [Regnum Vegetabile Vol. 120]. New York Botanical Garden, Bronx, New 
York. 

Hommersand, M.H. 1989. Biogeography of the marine red algae of the North Atlantic Ocean. In: 
D. J. Garbary & G.R. South (eds.), Evolutionary biogeography of the marine algae of the North 
Atlantic. Nato ASI Series, Vol. G22: 349-410. Berlin-Heidelberg. 

Hooker, J.D. 1860. Flora of Tasmania. Vol. 2. Monocotyledones and Acotyledones: 282-343. 
London. 

Howe, M.A. 1918. Algae. In: N.L. Britton, Flora of Bermuda: 489-540. New York. 

Howe, M.A. 1920. Algae. In: N.L. Britton & C.F. Millspaugh, The Bahama Flora: 553-618. New 
York. 

Isaac, W.E. 1967. Marine botany of the Kenya coast 1. A first list of Kenya marine algae. J. East 
Africa Nat. Hist. Soc. Nation. Mus. 26, 2: 75-83. 

Jaasund, E. 1976. Intertidal Seaweeds in Tanzania. A Field Guide. Trpmso. 

Joly, A.B. 1965. Flora marinha do litoral norte do Estado de Sao Paulo e regioes circunvizinhas. 
Boletim 294, Fac. Fil., Cienc. Letras USP, Botanica 21: 5-393. 

Joly, A.B. 1967. Generos de algas marinhas da costa Atlantica Latino-Americana. Sao Paulo. 

Kim, C. 1964. Marine algae of Alacran reef, Southern Gulf of Mexico. Univ. Ann Arbor. 

Kraft, G.T. 1979. Transfer of the Hawaiian red alga Cladhymenia pacifica to the genus Acantho- 
phora (Rhodomelaceae, Ceramiales). Jap. J. Phycol. 27: 123-135. 

Kutzing, F.T. 1843. Phycologia generalis. Leipzig. 

KUtzing, F.T. 1849. Species Algarum. Lipsiae. 

KUtzing, F.T. 1865. Tabulae phycologicae. 15. Nordhausen. 

Kylin, H. 1956. Die Gattungen der Rhodophyceen. Gleerups, Lund. 

Lamouroux, J.V.F. 1805. Dissertations sur plusieurs especes de Fucus. Agen. 

Lamouroux, J.V.F. 1813. Essai sur les genres de la famille des thalassiophytes non articulees. Ann. 
Mus. Hist. Nat. Paris 20: 115-139. 

Lawson, G. W. 1980. A check-list of East African seaweeds (Djibouti to Tanzania). Lagos. 

Lawson, G.W. & D.M. John. 1982. The marine algae and coastal environment of tropical West 
Africa. Beih. Nov. Hedwigia 70: 1-455. 

Lawson, G.W. & D.M. John. 1987. The marine algae and coastal environment of tropical West 
Africa, ed. 2. Beih. Nov. Hedwigia 93: 1-415. 

Linneaus, C. 1753. Species Plantarum Vol. 2: 561-1200. Holmiae. 



Y.S.D.M de Jong et al.: Revision of Acanthophora 


247 


Lucas, A.H.S. & F. Perrin. 1947. The Seaweeds of South Australia. II. The red seaweeds. 107-458 
Govt. Printer, Adelaide. 

Liining, K. 1990. Seaweeds, their environment, biogeography, and ecophysiology. John Wiley & 
Sons, New York. 

Maddison, W.P. & D. R. Maddison. 1992. MacClade: Analysis of phylogeny and character Evolution. 
Sinauer, Sunderland, Massachusetts. 

Mazd, M.H. & A. Schramm. 1878 [1870-1877]. Essai de classification des algues de la Guadeloupe, 
ed. 2. Basse Terre. 

Mefiez, E.G. & H.P. Calumpong. 1981. Phycological results of the Smithsonian Institution - 
Philippines Expeditions of 1978 and 1979 in Central Visayas, Philippines. Proc. Fourth Intemat. 
Coral Reef Symp., Manila 2: 379-384. 

Menez, E.G. & A.C. Mathieson. 1981. The marine algae of Tunisia. Smithson. Contrib. Mar. Sci. 
10, 8: 1-5. 

Montagne, J.P.F.C. 1838. Cryptogames Algdriennes. Ann. Sci. Nat. Bot. sdr: 2, 10: 345, pi. 8. 
Montagne, J.P.F.C. 1842. Botanique: Plantes Cellulaires. In: Ramon de la Sagra. Histoire physique, 
politique et naturelle d’ile de Cuba, Vol. 11. Paris. 

Murray, G. 1889 [1888-1889], Catalogue of the marine algae of the West Indian Region. London. 
Muschler, R. 1908. Enumeration des algues marines et d’eau douce observees jusqu’a ce jour en 
Egypte. Mem. Inst. Egypt. 5, 3: 141-237. 

Okamura, K. 1932. The distribution of marine algae in Pacific waters. Records Oceanograph Works 
Japan 4, 1: 30-150. 

Okamura, K. 1934 [1933-1942]. leones of Japanese Algae Vol. 7, 4: pis. 301-345. Tokyo. 
Oliviera Filho, E.C. 1967. On the development of tetraspores of Acanthophora spicifera (Rhodo- 
melaceae-Rhodophyta). Boletim 305, Fac. Fil., Cienc. Letras USP, Botanica 22: 195-206. 
Oliviera Filho, E. C. 1969. Algas marinhas do sul do estado do Espirito Santo (Brasil). I - Ceramiales. 

Boletim 343, Fac. Fil., Cienc. Letras USP, Botanica 26: 1-277. 

Papenfuss, G.F. 1943. Notes on South Africa Marine Algae II. Jour. South Afr. Bot. 9: 79-92. 
Papenfuss, G.F. 1968. A history, catalogue, and bibliography of Red Sea benthic algae (Contri¬ 
butions to the knowledge of the Red Sea No. 42). Isr. Jour. Bot. 17, 1-2: 1-118. 

Piccone, A. 1884. Contribuzioni all’algologia Eritrea. Nouvo giom. Botan. Ital. 16: 281-332. 
Piccone, A. 1886. Alghe del viaggio di circumnavigazione della Vettor Pisani. Genova. 

Pilger, R. 1911. Die Meeresalges von Kamerun. Engler’s Bot. Jb. 46, 3: 294-323. 

Preda, A. 1909. Flora italica cryptogama Pars II: Algae. Rocca S. Casciano. 

Price, J.H., D.M. John & G.W. Lawson. 1986. Seaweeds of the western coast of tropical Africa and 
adjacent islands: a critical assessment. IV: Rhodophyta (Florideae) 1. Genera A-F. Bull. Br. 
Mus. Nat. His., Bot. 15, 1: 1-122. 

Richardson, W.D. 1975. The marine algae of Trinidad, West Indies. Bull. Br. Mus. Nat. His. Bot. 5, 
3: 73-143. 

Rodriguez, G. 1959. The marine communities of Margarita Island, Venezuela. Bull. Marine Sci. 
Gulf & Caribb. 9, 3: 237-280. 

Schmitz, F. 1889. Systematische Ubersicht der bisher bekannten Gattungen der Florideen. Flora 
72: 435-456. 

Schneider, C.W. & R.B. Searles. 1991. Seaweeds of the Southeastern United States. Duke University 
Press, Durham and London. 

Schramm, A. & H. Mazd. 1865. Essai de classification des algues de la Guadeloupe. Basse Terre. 
Seagrief, S.C. 1984. A catalogue of South African green, brown and red marine algae. Mem. Bot. 
Survey South Africa 47. 

Setchell, W.A. 1926. Tahitian algae and Tahitian Spermatophytes collected by W.A. Setchell, C. B. 

Setchell, and H.E. Parks. Univ. Calif. Publns Bot. 12: 61—110, pi. 7-22. 

Silva, P.C., P.W. Basson & R.L. Moe. 1996. Catalogue of the benthic marine algae of the Indian 
Ocean. University of California Press, Berkeley. 

Silva, P.C., E.G. Meiiez & R.L. Moe. 1987. Catalog of the benthic marine algae of the Philippines. 
Smithsonian Contr. Mar. Sci. 27. 

Sonder, O.W. 1871. Die Algen des tropischen Australiens. Abh. Geb. Naturw. Hamburg 5, 2: 
33-74. 



248 


BLUMEA — Vol. 44, No. 1, 1999 


Sonder, O.W. 1879. Algae Roscherianae. In: Baron Carl Claus von Decken’s Reisen in Ost-Africa 
in den Jahren 1859-1865; Wissenschaftlicher Theil, Dritter Band, Dritte Abtheilung: Botanik: 
79-85. Leipzig and Heidelberg. 

Steentoft, M. 1967. A revision of the marine algua of Sao Tome and Principe (Gulf of Guinea). 
J. Linn. Soc. Bot. 60: 99-146. 

Swofford, D.L. 1993. PAUP: Phylogenetic Analysis Using Parsimony, version 3.1.1. Laboratory 
of Molecular Systematics Smithsonian Institution, Washington, D.C. 20560. 

Taylor, W.R. 1928. The Marine Algae of Florida (with special reference to the Dry Tortugas). 

Carnegie Institution of Washington, Washington. 

Taylor, W.R. 1931. A Synopsis of the Marine Algae of Brazil. Revue Algol. 5, 3-4: 1-35. 

Taylor, W. R. 1939. Algae collected on the Presidential Cruise of 1938. Smithsonian Miscellaneous 
Coll. 98,9: 1-18. 

Taylor, W.R. 1940. Marine Algae of the Smithsonian-Hartford Expedition to the West Indies, 1937. 
Contrib. U.S. Natl. Herb. 28, 3: 549-561. 

Taylor, W.R. 1941. Tropical marine Algae of the Arthur Schott Herbarium. Field Mus. Nat. Hist. 
Bot. Ser. 20, 4: 87-104. 

Taylor, W.R. 1943. Marine Algae from Haiti collected by H.H Barlett in 1941. Pap. Michigan 
Acad. Sci. 28: 143-163. 

Taylor, W.R. 1954. Distribution of marine algae in the Gulf of Mexico. Pap. Michigan Acad. Sci. 
39: 85-109. 

Taylor, W.R. 1960. Marine Algae of the Eastern Tropical and Subtropical Coasts of the Americas. 

University of Michigan Studies Scientific Series, Ann Arbor, Michigan. Vol. 21. 

Taylor, W.R. 1962. Marine algae from the tropical Atlantic Ocean. V. Algae from the Lesser Antilles. 
Contrib. U.S. Natl. Herb. 36, 2: 43-62. 

Taylor, W.R. 1964. A valuable old collection of Florida Marine Algae. Quarterly Journal of the 
Florida Academy of Sciences 27,1: 1-8. 

Taylor, W.R. 1969. Notes on the distribution of West Indian marine algae particularly in the Lesser 
Antilles. Contr. Univ. Mich. Herb. 9, 2: 125-203. 

Taylor, W.R. 1976. A check-list of Venezuelan marine algae. Soc. Venez. Cienc. Nat. Bol. 22, 
132-133:71-101. 

Taylor, W.R. 1977. Marine algae of the Te Vega 1965 expedition in the western Pacific Ocean. 
Atoll Res. Bull. 209: 1-16. 

Taylor, W. R. & C. H. Arndt. 1929. The Marine Algae of the South-western Peninsula of Hispaniola. 
Am. J. Bot. 16: 651-662. 

Taylor, W.R. & A.J. Bematowicz. 1969. Distribution of marine algae about Bermuda. Bermuda 
Biol. Stat. Research, Special Publication 1: 1-42. 

Taylor, W.R. & C.F. Rhyne. 1970. Marine Algae of Dominica. Smithson. Contr. Bot. 3: 1-16. 
Trono Jr., G.C. 1968. The taxonomy and ecology of the marine benthic algae of the Caroline 
Islands. Ann Arbor, Michigan. 

Trono Jr., G.C. 1969. The marine benthic algae of the Caroline Islands, II, Phaeophyta and Rhodo- 
phyta. Micronesica 5: 25-119. 

Trono Jr., G.C. 1986. Guide to Philippines flora and fauna. Rhodophyta.Vol. I: 201-288. Nat. Re¬ 
source Management Publ. Philippines. 

Trono Jr., G.C. & E.T. Ganzon-Fortes. 1980. An illustrated seaweed flora of Calatagan. Batangas, 
Philippines. 

Trono Jr., G.C. & E.T. Ganzon-Fortes. 1988. Philippine Seaweeds. Manila. 

Tseng, C.K. 1935. Economic seaweeds of Kwangtung Province, S. China. Lingnan Sci. J. 14, 1: 
93-104. 

Tseng, C.K. (ed.). 1983. Common seaweeds of China. Beijing. 

Turner, D. 1808. Fuci. sive plantarum fucorum generi a botanicis ascriptarum icones, descriptiones 
et historia. Vol. I. London. 

Vahl, M. 1802. Endeel kryptogamiske planter fra St. Croix. Skr. af Naturhist.-Selsk. 5, 2: 29-47. 
Van den Hoek, C., F. Colijn, A.M. Cortel-Breeman & J.B.M. Wanders. 1972. Algal vegetation- 
types along the shores of inner bays and lagoons of Curacao, and the lagoon Lac (Bonaire), 
Netherlands Antilles. Verh. Ned. Acad. Wet., Afd. Natuurk. Reeks 2, 61, 2: 1-72. 



Y.S.D.M de Jong et al.: Revision of Acanthophora 


249 


Verheij, E. & W.F. Prud’homme van Reine. 1993. Seaweeds of the Spermonde Archipelago, SW 
Sulawesi, Indonesia. Blumea 37: 385-510. 

Weber-van Bosse, A. A. 1911. Notice sur quelques genres nouveaux d’algues de l’Archipel Malaisien. 
Ann. Jard. Bot. Buitenzorg 24, ser. 2, 9: 25-33. 

Weber-van Bosse, A.A. 1914. The Percy Sladen Trust expedition to the Indian Ocean in 1905. No. 

XIV: Rhodophyceae. Trans Linn. Soc. London, Ser. 2, Bot. 16, 3: 269-306,1 fig., pis. 16-18. 
Weber-van Bosse, A.A. 1923. Liste des Alges du Siboga III: Rhodophyceae, Seconde partie. Cera- 
miales. Siboga-Expeditie Monographie 59c: 311-392, figs. 110-142, pis IX, X. 

Womersley, H.B.S. 1958. Marine Algae from Amhem Land, North Australia. Repr. record of the 
American-Australian Scientific Expedition to Amhem Land 3: 139-161. 

Womersley, H.B.S. & A. Bailey. 1970. Marine algae of the Solomon Islands. Phil. Trans. Roy. Soc. 
London, series B, 259: 257-352. 

Wynne, M.J. 1995. Benthic marine algae from the Seychelles collected during the R/V Te Vega 
Indian Ocean Expedition. Contr. Univ. Michigan Herb. 20: 261-346. 

Yamada, Y. 1944. A list of the Marine Algae from the Atoll of Ant. Sci. Paper, Inst. Algol. Res., 
Fac. Sci. Hokkaido Imp. Univ. Sapporo 3: 173-194. 

Yoshida, T., Y. Nakajima & Y. Nakata. 1985. Preliminary check-list of marine benthic algae of 
Japan - II. Rhodophyceae. Jap. J. Phycology 33: 249-275. 

Zanardini, G. 1858. Plantarum in mari rubro hucusque collectarum enumeratio. Mem. 1st. Veneto 
Sci. Lett. Arti 7: 209-309. 

Zanardini, G. 1872. Phycearum indicarum pugillus. Mem. 1st. Veneto Sci. Lett. Arti 17: 129-170. 
Zaneveld, J. 1959. The utilization of marine algae in tropical South and East Asia. Economic 
Botany 13, 2:89-131. 

Zhang, J. & B. Xia. 1980. Studies on Some Red Alga of the Xisha Islands, Guangdong province, 
China III. Studia marina Sinica 17: 49-68. 



